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abstract: We report the results of a survey of the 
parasites of zebra mussels, Dreissena polymorpha, at 
13 sites in the Moscow-St. Petersburg region during 
8-22 July 1993. Mussels with trematodes were ob¬ 
served at 7 (54%) of the sampling sites, with the fol¬ 
lowing prevalence of infection: adult < 1%, 

at each of 3 sites; Phyllodistomum sporocysts, <1%, 
at each of 4 sites; and Bucephalus polymorphus spo¬ 
rocysts, 9% at 1 site. Severe infections were only noted 
for B. polymorphus, which destroyed the gonads of its 
hosts. Ciliates in the order Hymenostomatida were ob¬ 
served living inside the digestive gland at 8 (62%) of 
the sites, with their prevalence of infection ranging up 
to 100%. Easily distinguishable from commensal cili¬ 
ates in the orders Scuticociliatida and Rhynchodida, 
which are found on gills, these ciliates were separable 
into either a small or large form. The small ciliate was 
oblong to round, with a mean length x width of 58 x 
45 pm. In contrast, the large ciliate was nearly cylin¬ 
drical and had a mean length x width of 278 x 77 
;itm. Whereas dozens of the small ciliate could be found 
in some mussels, the large ciliates rarely exceeded 10 
per host. Whereas both forms were observed moving 
about in the body fluid between digestive gland lobes, 
the small ciliates were also recorded inside these lobes. 
The nature of the symbiotic association of these ciliates 
remains to be determined. 

KEY words: Dreissena, zebra mussels, Aspidogas- 
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A review of the European literature on the 
natural enemies of zebra mussels (^Dreissena spp.) 
suggests that predators, in particular, bottom¬ 
feeding fish and diving ducks, can play a buffer¬ 
ing role in their population dynamics. These 
predators, however, have only been documented 
to cause major reductions in mussel densities in 
isolated situations (e.g., Stempniewicz, 1974). In 
contrast to the relative abundance of information 
on predators, few studies have attempted to doc¬ 
ument the existence of dreissenid parasites. As 
a consequence, the role of parasites in regulating 
European populations has remained unclear. In 
reviewing European studies, Stanczykowska 
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(1977, p. 503) stated that “rapid reductions of 
[dreissenid] population densities were always ob¬ 
served in dense stocks and it is possible that they 
resulted from . . . local invasion of parasites (pos¬ 
sibly protozoan) or diseases or else from a com¬ 
plex of factors related to overpopulation.” Sim¬ 
ilarly, in commenting on their studies in the Riv¬ 
er Seerhein in Germany, Cleven and Frenzel 
(1993) indicated that the importance of parasit¬ 
ism in the population dynamics of Dreissena 
polymorpha (Pallas, 1771) was largely unknown. 
The research described herein was undertaken to 
address the need for more comprehensive infor¬ 
mation on organisms parasitic in European 
dreissenid populations and specifically reports a 
2-wk survey of parasites in northwestern Russia. 

Zebra mussels {D. polymorpha) were sampled 
at 13 locations in the Moscow-St. Petersburg 
region during 8-22 July 1993. A variety of hab¬ 
itats were chosen, including canals, rivers, lakes, 
and reservoirs (sites A-M, Table 1). Quagga mus¬ 
sels, D. bugensis Andrusow 1897, the other exotic 
dreissenid species that has invaded North Amer¬ 
ica, were not observed in the samples and are 
known to have a more southeastern European 
range (Rosenberg and Ludyanskiy, 1994). 

Mussels were collected using a variety of tech¬ 
niques, including wading, snorkeling, scraping 
dock supports, and benthic grab sampling. An 
average of 216 mussels (range in length: 3-38 
mm) were randomly selected from each sample, 
and tissues were examined for gross signs of pa¬ 
thology with a stereomicroscope (x70). If par¬ 
asitism was suspected in these latter specimens 
(e.g., abnormal size, shape, and/or color of an 
organ), their tissues were further inspected using 
a phase-contrast compound microscope (x450/ 

X 1,000). 

Ten additional mussels from each location were 
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Table 1. Locations in northwestern Russia where 
Dreissena polymorpha samples were collected for ex¬ 
amination of parasites. 


Site 

Date 

of 

collec¬ 

tion 

in 

July 

1993 

Num¬ 

ber 

exam¬ 

ined* 

Location 

A 

8 

367 

Moscow River; 3.4-m depth; Troitse- 
Lykovo; in Moscow 

B 

9 

510 

Canal sluice N8; 2.8-m depth; in Mos¬ 
cow 

C 

10 

260 

Ivankovskoye Reservoir; 2.0-m depth; 
eastern end near Bolshaya Volga 
Railway Station; Dubnya; 120 km 
north of Moscow 

D 

11 

160 

Moscow River; 4.2-m depth; Rublcvo; 

1 km west of Moscow 

E 

12 

210 

Uchinskoye Reservoir; 2.8-m depth; 
Puskino; 14 km north of Moscow 

F 

13 

210 

Klazminskoye Reservoir; 4.7-m depth; 
Vodniki Railway Station; 9 km 
north of Moscow 

G 

14 

210 

Chimkinskoye Reservoir; 2.8-m depth; 
northern end at Butakovski Bay; 
near Moscow city limits 

H 

15 

160 

Chimkinskoye Reservoir; 3.2-m depth; 
southern end at Rechnoy Vokzal 
pier; near Moscow city limits 

I 

12 

260 

Udomlya Lake; rocks near shore out¬ 
side of power station; Vyshniy Volo- 
chek; 300 km northwest of Moscow 

J 

16 

106 

Volkhof River; dock-scraped at mouth 
of river; Novaya Ladoga; 150 km 
northeast of St. Petersburg 

K 

20 

42 

Valdaiskoiye Lake, Valay; 400 km 
northwest of Moscow 

L 

21 

162 

Volkhof River; dock-scraped; Novgo¬ 
rod; 600 km northwest of Moscow 

M 

22 

152 

Velikaya River, Pskov; 250 km south¬ 
west of St. Petersburg 


* Includes 10 mussels whose tissues were examined at x 450/ 
X 1,000; others examined for gross signs of pathology at x 70. 


randomly selected (mean length [range] = 17 [3- 
32] mm), and their organs, irrespective of exter¬ 
nal appearance, were dissected and tissues mi¬ 
croscopically examined. To avoid contamina¬ 
tion of tissues with microorganisms from the 
mantle cavity (e.g., commensal ciliates from ei¬ 
ther the orders Scuticociliatida or Rhynchodida, 
which dwell on the surface of the gills or visceral 
mass), organs were typically dissected only after 
gills were removed, and the visceral mass was 
rinsed with filtered freshwater from the collec¬ 
tion site. 

Trematodes were observed at 7 (54%) of the 


sampling sites. Infections with adult Aspidogas- 
ter were found at 3 locations (sites A [1/367], C 
[1/260], and D [1/160]). Each infected mussel 
harbored a single adult worm that was light pink 
in color. At site A, the Aspidogaster was found 
immobile and externally attached by its sucker 
disk to the ventromedial surface of the visceral 
mass immediately anterior to the foot. The As¬ 
pidogaster recorded from site C was observed in 
the same location on the visceral mass. In con¬ 
trast, the Aspidogaster recorded from site D was 
observed moving inside the gonads of its host, 
with its sucker disk appressed to the gonad’s sem¬ 
itransparent body wall. Using the key of Bauer 
(1987), the latter specimen was identified as A. 
limacoides Diesing, 1834 (voucher USNPC No. 
84911 [U.S. National Parasite Collection, USDA- 
ARS, Beltsville, Maryland]). The presence of these 
aspidogastrids caused no obvious adverse effects 
on the dreissenids; infected male and female 
mussels were sexually mature. 

Infections with Phyllodistomum were found at 
4 locations (sites A [1/367], E [1/210], H [1/160], 
and M [1/152]). Both male and female dreissen¬ 
ids were infected, and sporocysts appeared as flat, 
yellow, amorphous bodies embedded in the gill 
tissues (voucher USNPC No. 84913). One mus¬ 
sel at site E had a total of 100 such sporocysts 
distributed throughout its gill lamellae. Except 
for the presence of the sporocysts, the gills and 
visceral mass in infected specimens appeared to 
be of normal size and color, and production of 
sperm and eggs were noted in some mussels. 

Bucephalus polymorphus Baer, 1827, the only 
bucephalid species known from dreissenids, was 
observed at a single location, site L. The prev¬ 
alence rate of 9% (14/162), however, was the 
highest noted for any of the trematodes at any 
of the 13 sites. The sex of infected mussels could 
not be determined because their gonadal tissues 
were destroyed by the massive proliferation of 
the sporocysts (voucher USNPC No. 84914). 
Cercarial development was commonly observed 
within the sporocysts. Sporocysts occasionally 
were observed projecting from the gonads into 
the mantle epithelium lining the shells. As also 
observed by Baturo (1977), sporocysts often ex¬ 
tended from the gonads into the digestive gland. 
While the gonads were severely affected by the 
infection, we could discern no adverse affect on 
the digestive gland; its lobes appeared as nu¬ 
merous and full bodied, as in uninfected speci¬ 
mens. 

All 3 genera of trematodes encountered in this 
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survey have been reported previously as zebra 
mussel parasites. Phyllodistomum spp. infection 
has been recorded from across Europe, including 
The Netherlands (Davids and Kraak, 1993), 
Germany (Breitig, 1965), Poland (Sinitsin, 1901), 
Belarus (Lyakhnovich et al., 1983), and Russia 
(Kupriianova-Shakhmatova, 1965; Kuperman 
et al., 1994). Bucephalus polymorphus also ap¬ 
pears widely distributed in European dreissenids, 
with records from France (Wallet and Lambert, 
1986), Poland (Baturo, 1977), Russia (Kuper¬ 
man etal., 1994), Uzbekistan (Aristanov, 1992), 
and Kazakhstan (Smirnova and Ibrasheva, 1967). 
In contrast, parasitism of European zebra mus¬ 
sels by Aspidogaster has been rarely recorded. 
Nagibina and Timofeeva (1971) and Kuperman 
et al. (1994) have observed, respectively, a < 1% 
and <3.8% prevalence with A. limacoides. As¬ 
pidogaster conchicola von Baer, 1826, the only 
other aspidogastrid recorded from dreissenids, 
has been documented only once from European 
zebra mussels (Kulczycka, 1939). 

In bivalve hosts, Aspidogaster spp. are typi¬ 
cally found in the pericardial and renal cavities, 
where they feed on blood cells and hemolymph 
(Bakker and Davids, 1973). We observed this 
trematode attached to the ventral surface of the 
visceral mass and inside the gonads—sites, that, 
although uncommon, are not unknown for as- 
pidogastrids (Rohde, 1972). In contrast to the 
digenetic trematodes, most aspidogastrids re¬ 
quire a single host to complete their entire life 
cycle (Rohde, 1972). Moreover, aspidogastrids 
typically have a broad host range. In addition to 
Dreissena, A. limacoides has been recorded from 
the mollusc genera Cardium, Adacna, and 
Sphaerium (Nagibina and Timofeeva, 1971). 
Primarily known as a parasite of unionids, A. 
conchicola also has a very wide host range among 
freshwater molluscans, including several genera 
of bivalves and snails (Hendrix et al., 1985). As¬ 
pidogaster conchicola has the current distinction 
of being the only European dreissenid parasite 
also native to North America, and this species 
has already been observed in North American 
D. polymorpha (Toews et al., 1993). Additional 
records of its parasitism of dreissenids on this 
continent are highly likely. 

Some Phyllodistomum spp. parasitic in Dreis¬ 
sena can apparently be identified according to 
the number of metacercariae per sporocyst (Da¬ 
vids and Kraak, 1993). Such well-developed me¬ 
tacercariae were not observed in our infected 
specimens; therefore, species identification was 


not possible. Although P. folium Braun, 1899, 
has been frequently reported from dreissenids 
(Sinitsin, 1901; Kulczycka, 1939; Davids and 
Kraak, 1993), 2 other species, P. macrocotyle 
(Liihe, 1909) and P. dogieli Pigulewsky, 1953, 
have also occassionally been cited as parasites of 
D. polymorpha 1956; Wisniewski, 1957). 

In his taxonomic review, Yamaguti (1971) rec¬ 
ognized P. folium and P. dogieli but considered 
P. macrocotyle invalid. Recently, Kuperman et 
al. (1994) reported P. angulatum Linstow, 1907, 
in D. polymorpha from the Volga basin. When 
possible, laboratory rearing of Phyllodistomum 
metacercariae obtained from Dreissena through 
to the adult stage in fish is an excellent means of 
determining species identity. Davids and Kraak 
(1993) and Wisniewski (1957) have employed 
this method to demonstrate the presence of P. 
folium and P. dogieli in Dreissena populations. 

Phyllodistomum and Bucephalus are native to 
North American freshwaters (Margolis and Ar¬ 
thur, 1979) but do not include any of the species 
reported from European dreissenids. Stafford 
(1904) reported an adult P. folium in North 
America, but differences that he noted with the 
species description of P. folium, in particular, 
the unequal size of the suckers, make his iden¬ 
tification questionable. Whether or not species 
of North American Phyllodistomum and Bu¬ 
cephalus that parasitize freshwater bivalves (e.g., 
P. staffordi Pearse, 1924; P. superbum Stafford, 
1904; B. elegans Woodhead, 1930 (Margolis and 
Arthur, 1979; Van Cleave and Mueller, 1934)) 
will be capable of expanding their host ranges to 
include dreissenids is of interest. Phyllodisto¬ 
mum folium appears quite host-specific to Dreis¬ 
sena. In contrast, B. polymorphus has been re¬ 
ported in freshwater unionids Anodonta and Unio 
(Golikova, 1960; Smirnova and Ibrasheva, 1967). 
The accuracy of the latter host range data may 
be questionable, however, considering the sim¬ 
ilarity in appearance between the sporocysts of 
B. polymorphus and Rhipidocotyle illense (Zie¬ 
gler, 1883), a bucephalid parasite of Anodonta 
and Unio. The cercariae of these latter 2 species, 
however, are morphologically distinguishable, 
and Baturo (1977), using this criterion, recorded 
B. polymorphus only in Dreissena and R. illense 
only in unionids. 

Phyllodistomum infection has been docu¬ 
mented to be physiologically stressful to D. poly¬ 
morpha (Kraak and Davids, 1991; Davids and 
Kraak, 1993), but we could not visibly discern 
adverse effects in infected specimens. In our sur- 
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vey, the effect of trematode infection appeared 
to be severe only with B. polymorphus, whose 
growth destroyed gonadal tissue—a condition 
typical of infection with this species (Davids and 
Kraak, 1993). 

Dissections revealed ciliates present inside the 
digestive gland in mussels at 8 (62%) of the sites. 
Prevalence of infection ranged up to 100% (sites 
B [2/10], C [8/10], D [2/10], E [1/10], F [3/10], 
G [5/10], H [4/10], and I [10/10]). When the 
epidermis covering the digestive gland of an in¬ 
fected specimen was teased open, ciliates could 
be seen slowly moving about in the fluid between 
the digestive lobes; no other organs were ob¬ 
served with ciliate infection. While all ciliates 
were in the order Hymenostomatida (D. Lynn, 
University of Guelph, Ontario, pers. comm.), they 
were readily separable into small and large forms 
(voucher USNPC No. 84912). The small ciliate 
was oblong to round, with mean (range) length 
X width of 58 (49-91) x 45 (34-62) /nm. In 
contrast, the large ciliate was nearly cylindrical 
(anterior end slightly wider and somewhat ta¬ 
pered) and had a mean (range) length x width 
of 278 (226-343) x 77 (59-98)/nm. Even though 
of considerable size, the large ciliate appeared 
well adapted for maneuvering in tight spaces be¬ 
tween digestive gland lobes; in a fresh mount of 
digestive gland tissue, one squeezed through a 
series of tight, 20-30-/nm crevices. 

Besides their morphology, the intensity of in¬ 
fection and the microhabitats of the small and 
large ciliates also differed. While dozens of small 
ciliates could be found in some mussels, the large 
ciliates rarely exceeded 10 per host. Whereas both 
forms were observed moving about in the body 
fluid between digestive gland lobes, the small 
ciliates were also recorded inside the digestive 
lobes, typically at the distal end of a digestive 
duct. 

These ciliates were observed in mussels of 
varying physical condition. Whereas some in¬ 
fected mussels had visceral masses that were ro¬ 
bust and sexually mature, others were emaciated 
and possessed underdeveloped digestive glands 
and gonads. Recently, Toews et al. (1993) re¬ 
ported ophryoglenid ciliates inside the shells of 
living and dead D. polymorpha from Lake Erie. 
They did not, however, indicate that these pro¬ 
tozoans were present within the digestive gland 
or any other organ. The only previous reference 
to ciliates within dreissenid organs was a per¬ 
sonal communication from S. Kazubski appear¬ 


ing in Stanczykowska (1977), which reported 
“dangerous” infections by small and large cili¬ 
ates whose lengths were, respectively, 30-50 /nm 
and ca. 1 mm. The small ciliates, although rare 
(<1% infection), were capable of causing mor¬ 
tality “due to their mass occurrence in tissues 
and intercellular space.” The larger form, con¬ 
sidered an ophryoglenid ciliate, was reported to 
occur “in tissues, usually in [the] digestive gland.” 
In our study, somewhat similar small and large 
ciliates were recorded in the digestive gland. In 
contrast to Kazubski’s observations, however, 
we commonly observed high prevalences of in¬ 
fection (up to 100%, site I) but without clear 
evidence of pathogenicity. In our samples, it was 
clear, however, that the simple presence of these 
ciliates within the digestive gland did not induce 
an immediate, severe, debilitating condition. 

The emphasis of this investigation was a sur¬ 
vey of parasites within body tissues. For this 
reason, data was not collected on ciliates that 
were present on the surface of the visceral mass 
and gills at some sites. 

Lethal, microbial diseases of molluscs may not 
produce dramatic macroscopic signs and symp¬ 
toms of disease (Elston, 1990) (e.g., changes in 
organ size, shape, or color). This survey relied 
almost exclusively on gross signs of pathology as 
clues for parasite presence. Although several par¬ 
asites were recorded during our 2 wk of field 
sampling, such an approach is a narrow one, in 
that it likely misses detecting other diseases, par¬ 
ticularly in their early stages (see Laukner, 1983) 
(e.g., spore-forming protozoa, viruses). In our 
survey, mussels with emaciated visceral masses 
were encountered, but we were unable to detect 
parasites by dissection. Histological analysis of 
tissue that has been differentially stained for par¬ 
ticular parasitic taxa is an essential approach in 
a comprehensive survey of dreissenid parasites 
and one that we will include in our future efforts. 
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Measurement of Metallic Ions in Biomphalaria glabrata (Gastropoda) 
Infected with Echinostoma caproni (Trematoda) and in 
Uninfected Snails 
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abstract: Inductively coupled plasma atomic emis¬ 
sion spectrometry (ICP-AES) was used to study me¬ 
tallic ions in whole bodies of uninfected Biomphalaria 
glabrata snails and those experimentally infected with 
larval Echinostoma caproni trematodes. Infected snails 
were analyzed at 6 wk postinfection when the digestive 
gland-gonad complex contained 100-200 daughter 
rediae per snail. Cohort snails that were left uninfected 
were analyzed at the same time as controls. Nine metals 
were detected in B. glabrata by ICP analysis as follows: 
boron, copper, iron, manganese, zinc, calcium, mag¬ 
nesium, sodium, and potassium. There were no sig¬ 
nificant differences (Student’s /-test, P > 0.05) in the 
concentrations of these metals in whole infected versus 
whole uninfected snails. 

KEY words: Metallic ions, spectrometry, Biom¬ 
phalaria glabrata, Echinostoma caproni, Trematoda, 
Gastropoda. 

There is little information on the metallic ion 
content of Biomphalaria glabrata snails and no 
information on the effects of larval trematode 
infection on the metallic ion content of this snail. 
Gabrashanska et al. (1991) examined the effects 
of larval Echinostoma revolutum on the mineral 
composition of the freshwater snail Lymnaea 
stagnalis. They used whole snail bodies in their 
analysis and found significant differences in cer¬ 
tain metallic ions between infected and unin¬ 
fected snails. Another study, by Layman et al. 
(1996), examined the digestive gland-gonad 
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complex (DGG) of Helisoma trivolvis snails nat¬ 
urally infected with larval E. trivolvis trematodes 
to determine the effects of parasitism on the me¬ 
tallic ion content of the snail. They found sig¬ 
nificant differences in certain metallic ions be¬ 
tween infected and uninfected snails. Our labo¬ 
ratory has now examined the effects of larval 
parasitism by E. caproni on the metallic ion con¬ 
tent of experimentally infected B. glabrata snails 
using inductively coupled plasma atomic emis¬ 
sion spectrometry (ICP-AES). 

B. glabrata snails were maintained at 22-24°C 
in aerated aquaria containing artificial spring wa¬ 
ter and exposed to E. caproni miracidia as de¬ 
scribed in Beers et al. (1995). Infected snails along 
with uninfected controls were maintained in 
aquaria as described in Beers et al. (1995) and 
used 6 wk postinfection. Snails were isolated in¬ 
dividually to determine larval infection with E. 
caproni and then subsequently crushed to con¬ 
firm the infection. Samples of infected snail bod¬ 
ies were pooled to achieve a wet weight of about 
1 g (approximately 10 snails). Likewise, samples 
of uninfected snail bodies (about 10 snails) were 
pooled to obtain a similar wet weight. Five pools 
of infected snails and 6 pools of uninfected snails 
were prepared for each analysis. Prior to use in 
an analysis, each pool was rinsed several times 
with ultrapure (Milli-Q, Millipore, Bedford, 
Massachusetts) water and digested in boiling ni¬ 
tric acid. Each digested sample was diluted to 
25.0 ml with 2% (v/v) nitric acid. 
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